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CHANGES FOUND ON RUN-IN AND BCUFFED SURFAGES OF STEEL,

CEROME PLATE, AND CAST IRON

By J. N. Good and Douglas Godfiey

SUMMARY

A study wae made of run-1ln and scuffed stescl, chrome-plate, asnd

cast~iron surfaces.

hardness determinations, and microscopy were used.
varied and were found to include three claases:
hardening, and crystallite-sizs alteration,

X-ray and electron diffractlon technigues,
Surface changes
chemical reaction,
The principal chemioal

micro-~

reactlons wers oxidation and carburization with the followlng resction

products:
Specimen E Surface - Material identi- Questionable
» ccandltion f1ed on swTace identification;
e &

SAE 4140 stesl ;unrun a~Fe Fez0y4
reciprocating ' Worn unscuifed torFe Fe304, Fegl3
slidexr ' Scuff recovered o~Fe, Fez04 FezC, Feglz

.Scuffad a~¥Fe, FezC, FezO4’ Fezqg

SAE 4140 steel lhorn unscuffed

aircraft-engine (Supexrficial C (graphite), -Mixed oxldes
‘cylinder barrel face) Beilby layer i
. {Less than lche, Pezla, Feplz '= ~ = rm = ~ = =
; 0.001 in. . T
below surface .
' face) :
e e e e e e e I - ]
Chrome-pleted | Worn unscuffed | a-Cr I
cast-iron rider Buymished a-Cr, Crp0z, CrSC j= - -~ ===
* Scuffed lamCr, Orp0z, CrzCs |- = « = = = - -
Cast- iron { Unrun gurFe {FezC
reciprocating iWorn j a-Pe iC (graphl'be)
glider Scuffed [ o-Fe 10 (gggphite)

M.ines best £it pattern of material listed.
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Hardness of materials exsmined variedl with de of surface condition.
The crystalllte sizes wers in thg order of 10”7 ¢ centimeters. The smizes
changed with condltion of operation.

INTRODUCTION.

The changes that occur to xubhbing metallie: surfaces have been
gtudilied by many investigators in oxder to obtaln a bebter undserstanding
of the phenowens of wear and wear resistance. (Ses the Bibliograzhy.)
A study of the bidbliography and the reference reporta reveals that
at 1east the following fac tors are of importance:

~ 1. Formation of surface f1lms and reaction nroducts

2.,bhanges in surface harﬁnasq
3, Changes in crystallite sizo -

. Some: relations are eatahlisbod herein zmong these factors and the
phenomena of run-in and one -phase of vear, scuffing, by identification
of and examination of-surface changes occurring with one of the well-

- kziowm dources of wmetallic woar, reclprocating Bliding. The terwm "rm-in"
is used in this report to designate the processa through whilch surfaces
acquire; by mutual interaction.during aliding contact, increased
cepacity to varry load and. o wititatand wear. Thias invcst¢gatioh
neglects-the reliation of hydrodynamic and boundasry 1ubrication to run~1n,
although all surfaces studied were lubricated.

. Changes in the surface cqmposition and surfaue characteriplilca ware
stlidied wnder run-in and wear conditions for steel (SAE 414C) rubbed
againgt caest lron, chrome-nlated cast iron rubbed ggalust steel, and
‘bagt ircn rubbed ageinst cast fron; these combinations are stardard in
aircrait enginea. Use was made in this inyestigatjon of specialized
techniques in X-rey and electron diffractlion, of chemical and mebal-
lographlic analyses, gud of hardness uwessurements.

Speclmens of standard sircraft-englne cylinder-barrel and piston-
ring materigl combinstions used in these exuaminatlions were obtained from
two sources. ‘Portions of used cylinder barrels and piston rings were
directly examined, whereas portiane of unused cylindey barrels and
piston rings were examinegd after rubbing under pressure in a reciwrocet=
ing slider mechins. Surfacs changes on the gpecimons wera examined by
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X-ray and electron diffraction. GSupplementary Information was
obtained by chemlcal and mlicrochemicel anslysls, slectrographic
analysis, metallographic exemingtion, and microhardness determination.

The Tollowing materilals were invesbigated:

Material combination Synecimen Specimen
exXamined source
SAE 4140 stesl slider rubbed Slider Slider machine
against cast-iron rider Cot
Cast-iron pleton Pings rubbed Cylinder Alrcraft englne
agalngs SAE 4140 steel L barral

cylinder barrel

SAE 4140 stcel slider rubbad Rider Slider machine
againgt chrome-plated - ' ' .
cagt-1rén rider

Cast-iron slider rubbed , Siidex Siidor machine -
egaingt cast-iron rider '

Chrome-platod cast~iron plston Ring Alrcraft engine "
rings rubbed against SAE 4140
stsel cylinder barrel

This selection of specimens 18 representative of the materials uséd
in standerd aslrcraft engines and should givo results representativa
of run~in and scuff in vhose englnes. .

The slider machine (fig. 1) reciproégted a sllder specimsn

7% by l% inches beneath a fixed and loaded rider 1% by %’1nchesf

The rider was lomded by applied gas pressure, which wag read from
a dial, Mass temperatures of the rider and the slider were recorded
with thermocouples. When the surfaces are lubricated, as in this
investigation, conditions of both boundary and hydrodynasmic lubri-
cation are belleved to exist, that of boundary et the ends of the
stroke and that of hydrodynamic at the middle of the stroke.' The
oll used vas Navy 1120 fed at a rate of ls_cubip centimeters pexr
hour. The recirrocating speed was 630 cycles per minute with a

stroke of 5% inchea. The procedure used for all specimens was as
follows: = .

+ 1. The two matling surfaces were lapped with sillcon carbide
lapping compound with resultant surface-roughness rsadings of
approximately 4C to 60 microlinches rms for the rider and below
15 microinches rme for the sllder.
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2. The surfaces were cleaned with golvents.

3. The surfaces wers mated by reciprocation under a constant
load of 60C pounds per square incn apnlied to the rider for 15 minutes.
Run—in began at this point., . )

4 For scuffed Sﬂecimens, the rider was loaded in increments of
100 pounds per sguare inch every 5 minutes until scuffing occurred.
A prolonged rum-in procedure, ccnsisting of operation at 2400 pounds
per square inch for 2 hours followed hy 100 pounds per square inch and
temperature-stabllization increments until scuffing occurred, was
used on one casat-iron surfacde. Scuffing obgerved visually, accvompanied
by rapid temperature rise, served as a criterion of surface failure.
The machine was stopped within a few seconds after failure began,
which was usually 2 to 3 hours after the start of the run.

The .alrcraft sngines were operated'for-sé td 7 hours of run-in

2500 rpm and an average 1ndicated mean effeotive pressure of-ZSO pounds
per square inch;

All X-ray diffractlon natterns were obtained with cobalt Ko
radlation and with the specimen mounhted in the manner used with the
Debys-Scherrer powder csmera. A S5-inch-diameter cylindrical camera
was used with an iron-oxide filter. Diffraction-line intensitiles
wers visually estimated. A mlorophotometer. could be used only to
record a~iron X-ray-line position, breadth, and intensity for
crystallite-size determination. DPogitive identification of compounds
was made only when a minimumn of three of the strongest lines was
observed for each compound sssociated with at least one surface
condlition ocut of a gerles of surface conditions obtained for & glven
material, Calculations of crystallite size were made from line
broadening according to the procedurs glven in reference 1 on the
assumption that crystalllte-size effects alone were.causing line
broadening. Fiune copper powder. was used to determine the standard line
breadth. No estimation of the fraction of this brosdening caused by
lattice distortion was made., (Lattice distortion may have cgused
a great part of the hroadening but no proved way exists to mespure
relative effectas of lattice distortion and crystallite size.) If,
in a group of lines composed of Aiffraction patterms of several
compouvnds, one pattern obviously predominated in Intensity, that
compound was belleved to be nresent in greater amounts than any of
the others.
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Electron Giffraction exsmination of subsurface reglons in the
used engine specimens was made after sach of five succesalve abresions
of the metal on 00 emery paper undor pure bsnzene. The dgpth of an
abrasion was measursd with & vernier micrometer, Estimates of the
depth of surface changes wers made by microscoplc measurements on
cross and teper sections. Control specimens cut from the base struc-
ture of the engine cylinders were gimilarly treated and eoxamined for
ovidence of any oxidation that might have been produced by sbrasion.

Hardness measurements were made with elbther Xnoon or Vickers
indenters, depending upon the condition of the surface belng investi-
gated. The quantitative units thus. obiained were checked gualitatively
with a Blerbaum-scratch (Microcharacter) hardness tester. Thia
gcratch indentation s less affected by metallic strats wnderlylng the
surface than the cther 1nﬁenters, but 1t 1s more sensitlive to surface
irregularities. .

Chemlical and microchemical analyses were made on natursl and
metallograrhic surfaces by means of solutlon, electrographic, and
electrolytic etches. Metallographic examinstions were made on normal
or .on tapered and nlat;ns reinforced cross sections,:

RESULTS AND DISCUSSION
Steol Swfaces

With the slider-rider combinatlion of SAE 414C steel and cast
iron, several conditions occurred euccessively in strips, or zones,
on the steel slider (fig. 2). The production of more than one surface
condition on one swecimen was due to slightly imperfect mating of rilder
and slider. ' The manner iu which surface changes progressed represents
varicus asteps in inoreassd loading until failure. Identification of -
the surface conditlons is as Tfollows: A represents the originsl
unworn (unrun) surface; B represents a wornl but unscuffed surfacs;
and C vrepresents a surface that appeared to have entered an initial
condition of scuff rather early in the experiment but to kave almost
Imediately .recovered, Close observailon during the run revealed a
momentary darkening in color and then a change to dark gray. . The
mermanently scuffed surface thit developed in several sitages, which
zuccesded each other within a few seconds, is renresented by D.
The fivst stage of formation was Indlcated by the moment&ry apoearance
of a dark-broim or reddish-brown surface color, vhich changed to
black, The change in color was sccompanied by the appearance i@ the
recovered oil of a sediment whose major constituent was analyzed as

alpha ferric oxlde a-Feplz by X-ray diffraction methods.
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The appearance of bright—spots .and heavy scuff marks on the surface
accompanled by a sharp incresse in temperature_indicated permanent
gocuff,. It appears that Pecapuse of  the inlitlal imperfect mating a
~shifting of load took place, whioh led to varistions and-irregularitles
in loocal load concentrations. Surface B may be consldersd to have
carried a large portion of the load during the mating procedure and
therefore to have been able to supporlh the load as 1t was increased.

As the load was increased, surface C sguddenly appeared. This
appearance occurred as & result, possibly, of aslight warping as the
temperature ross and hecavse surfacqg C  may have been insufficiently
mated at the time the load lnoreased. As the load was further increased,
gtrlp D appeared, possibly because of a combination of higher load
and further warping until the surfsace scuffed rapldly with so much
progreasive demage that the scuff becams extansive and permanent.

Identificatlon of alpha iron, o-Fe, ferrosoferric (ferrosic)
oxide, FezO4, - and iron.carblide, Fez(, in these surfaces was made

by X-ray diffractlion. (See fig.. 3.5 (Whenever Fez0O4 18 mentioned:

herein, the possibllity thét'it could aleso be 7 -FepQsz should be

considered, because the twdé are Ilndistingulshable by usual dlffrac-
tion mothods.) On all four surfaces (A, B, C, and D), Fez04 was -

considered present and gave an apparent maximum diffraction intensity
for scuff-~recovered and a decreased lntensity for scuffed conditions
es Judged from the number of lines end from the changes in visual
intensity. The identification of FepOz on surfaces B, C, and D

was questionable. Iron carbide was identifled on the socuffed sur-
face D and questionably ldentified on scuff -recovered surface C.

The intensities were grester for the scuffed than the scuff ~-Pecovered
surface. "'No FezC was ldentified on the unscuffed surfaces.

The results of the determination of crystallte plzes are presented
_in figure 4 and the X-ray patterns showing the differences are shown
in figure 5. The hardness of the four surface conditlons ie also
si;gn in figure 4; maximum hardness exlsted on the scuff- recovered
surface.

BElectron diffraction examination of spocimens cub from an unscuffed
SAE 4140 sitesl cylinder operated more than 100 hours wikbh cast-iron
rings and thoroughly cleaned with solvents on the outermost surface
Tirst produced the two Aiffuse halos charascterigtic of the Belilby layer
and the dlffraction pattern of graphite (fig. 3). Light abrasion
with Q0. suery, in succesgslve steps under benzene, exposed metal that
gave the diffrdction patterns of a-Fe, Fez04,ya0d Fe,0z. Oxldes were

thus detectable to depths estimated near 0.001 ineh. Oxidation during - *

the abresion was proved negliglble by the =ame treatment of control
gpecimens.
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This oxidation 1s shown in more detall in filgure 6 and is labeled
depth of oxygen penetratlion. Oxides exlsted beneath the surface of
the metal everywhers the cylinder had been rubbed. The top 1/8 inch
of the barrel was subJjected to conditions within the cambustion
chember but to no rubdbing during engine operation because it was above
the region of piston contact. In that top aree the -oxide existed
only as a tenacious blue surface fllm under & carbon deposgit. ‘
Variation in surface hardness 1s plotted.on the same ebscisge as the
oxygen dsta in figure 6. These data were taken at five representa-
tive points along the barrel length.

Chrome Surfaces

The chrome-plated cast-iron rider that was reciprocated agalnst
the steel slider contained only three distinguishable surface condli-
tions at the emd of the run; namely, worn unscuffed, burnished, and
normal scuff. TUnrun-surface analyses were cbtained from enother
rider, )

The chrome pattern predominates in all the surface X-ray 4if-
fraction petterns. Diffrasction examinatlon showed no presence of
any chromic oxide, OCrp0z, on the unecuffed surface although thils
surface was expected to contain at least & small samount of this
oxide, possibly in the amorphous conditlon. The campounds Crz203
and chromium carbide, CrzCy, were easlly ildentifled on the bur-
nished and scuffed surfaces. An X-ray diffrsction psgbtern contain-
ing evidence for these compounds on the scuffed surface is shown in
Flgure 7. A number of diffraction lines that stand alone and belong
to none of the previously mentioned compounds may be parts of the .
diffraction patterns of FepOz, FezQ4, the chromium niltrides, CrgN
and CrN, +the chromlium carbides, CrozCg, Cr7Cz, eand also FezC
{on the scuffed surfaces). No completely rellable guantltative
trends could be found bscause of some difficulty in rabting diffrac-
tion Intensgltles, but the intensltles of Cry0z and CrzCy; abppesr
to be greater on the scuffed than on the burnished portion. Under
the microscope, patches of loose-appearing mabtseriael with the color
and texture of red and black 1lron oxldea and giving dlssolution
reactions for 1ron were observed in the surfece depressilons, appar-
ently as left after pickup from the mating steel slider.

The varistions in hardness =smong the different surface condil-
tions are grephically illustrated in figure 8. Crystallite-size
determination showed no large differences. A decrease 1n crystal-
lite size was expected approeching scuff and such a trend was
indicated, but the differsences were wlthin experimentsl error. The
sizes were of the order of 14 X 10~ cenbimeters.
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" Electron-diffraction examinetions of unscuffed chrome-plated rings
taken from steel aircreft-engine cylinders produced no usable patiterns.
Only bigh background waa observed. Under the microscope, the surfaces
had the appearance of having a high polisti, X-ray diffractlion of these
surfaces also showed consilderable diffivse scatter together with very
diffuse and faint lines whose approximate spacings were those of Crg0x.

Electrographlc anslyses identified chrome and iron, and & esries of
regotions by metallographic reagenta sirongly indlcated the presence
of the compound Crz0x « Fol,

Caat-Iron Surfsces

Two cast-iron slider specimens were examlined chat had been sub-
Jected reaspectively to a noxrmal and ‘te a prolcnged run-in procsdure.
The prolonged run-in increased load-carrying capasclty. Figure 7
lists an X-ray diffraction pabttern from an unrun surface showing the
presence of a-Fe and one wesk ring (interplanar snaclng, 4.5 A} that
colncides with the strongest llne of the grephite pattern. A number
of weak lines end one strong line coinclde with all the atrong lines
of FezC, and several unidentified lines alsc show. On all the sur-
faoces, o-Fe wes observed. The presence of graphite was more cum-
pletely indicated on the worn and scuffed surfeces., Hsardness values -
showed decrease as scuff condition was approached {(fig. 9) and
crystallite sjzes increased .

No examinations were made of used unplated cast~iron plston
rings; the information presented in referonoés 2 and 3 1is considered
sufficient for comparison. These references dlscuss the detectlion
of the pregence of graphite and oxldes on surfaces ‘that were in sliding
contact during erigine Operation. .

' pqrrelﬁﬁibn of Resultse.

In generel, the results may be dlvided into three classes:
chemical reaction, wmwaterial hardening, and alteration of crystallite
size. The chemical and physical changes ildeutified on surfaces from
the reciprocating slider were superficial compared with the changes
wrought on surfaces during engine testas, The depthe of the chengos
were as follows: '
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Specimen ! Deptbh of. chgnge

1 ~(in.)
Reciprocating'slidef - 1 x_}gjs to-%mx 1074
- -3
Aircraft-engine-cylinder | 1 x 107%40%1 x 10
seguent.

8Expept that 1 X 10'4 in. may bé maximum for
chrome nlate.
On all specilmens examined, a certaln amount of metallic smear and
crystal bending was observed on or just imder the surface. .

The compounds present on engine-cyllnderwbarrel aurfaces were
present also on the slider surfaces of the same materisl. . The only
differencea in the Findings were that ths various chemical compounds
snd phases wore more. easlly identified o the sllder spevimens, mmd-the
the cylinder-~barrel surlaces definitely showed carbon and the:Beilby
layer: The diffraction patterms from tho .gurface miterial on engine
svecimens ofton tended to be diffuse. .

. The strength of the Fesoé diffraction patbern from the scuff-
recovered steel and the strong evidence of the FezC from the acuffed
steel indiceted that Fez04 can be associated with scuff reslistance
and that FezC can be associated -with scuff. Caution should be used,
however, in basing surh a comparison on the evidence in this investi-
gation alone. Evidence for the association of diffsrent oxldes with
different surface conditions may be found in refersncees 4 and 5.

A speclally prepared FezO4 surface was found to. have excellent
properties partly, at least, because 1% mllowed rapid surface-profile
break-in wlthout subsoquent high wear or scuffing. Thig oxide was
deslreble for an extremely fine and granular .structure firmly rooted
to the .bage materisl. It was not, too tenaclous to resist abrasion
and broke down into a very fine polishing medlum during rubbing

- {refersence 4). Whenever in the preparation of the oxide murface the
red Fe,0z formed, unfavorable results were obtained. The red oxlde
was soft and nonadherent (reference 5).

The reason for this difference in surface-rubbing characteristics
of these two oxides is not exactly known. Either oxide may form on
& given gurface depending upon temperature and pressure relations.
The number of Fez04 nuclcl developed in unit volume in unit time is
relatively large and the veloclty of crystaTlization is small and
this oxide may scour as an impalpable powder. The red Fezos, however,
ia always crystalline (reference 8, pp. 740, T41, T776}.
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The onglne speclmens- represented run-in and wear conditions entircly
different from those imposed on slider swrfaces. Mixed not gases,
flame, iwpact loading of jortions of the cylinder surface, and high slid-
ing spoeds were consldorably different from the room atmosrhere, simple
frictional heat, slow speed, and steady losding of tho slider. Yet
both %the engine and slider suirfaces sxhilbited the zame kinds of changs.
The long period of operatlon of the engine, howover, affected the dopth
to which oxygen penetrated.

The'occurrenoe of oxldation in denth only in regions of surface
rubbing suggests the occurrence of minute or mlcroscoplc voilds me
faults (or oracke) within the atomic structure or as intergranular
volds., (See refewences T to 10.) The denslty of an uncast metal
during working decreases (refersnces 11 and 12}, poaesibly as a result
of the promagoticon of structural faults or -the formation of intermal
voids. Such a decrease should favor penetration snd diffusion of other
elements, particularly gaseous ohes into the metal. Such relatively
deep oxygen penstratlon is lezs in agrdement with the usual concentratlon
formula, which limita the thilcknoss of an oxide film, than with an
activity-gradient formule (roference 13).

The wear profile of engine cylinders showed a devression, or highest
wear, at the top of compression-ring travel. In.thils reglom of high
wear where less oXxygen. penetration segmed to have occurrsd, the surface
had been worn away almost as fast as the penetration progressed.

Farther down the length of 1he cylinder barrel the rate of oxygen
penetration seemed to excoed the rate of woar. As a result, oxldes
formed within a relatlively pliable matrix of sboel and possibly gave
rise to a desirable surfaceo, combining pllability with decreased
abragsion, which was continually renewed under the glow abrasion of
operating wear.

Breskdown of lubrlcent—undeor excessive—conditions may account for
an amount of carbon sufflcient for formation of the carbides. The for-
mation of & carbilde-rich phsso and the increcased surface bardness on
boundary-tubricated stesl agasinst cast iron 4is indicated in reoference l4.

The crystallite slze and fthe hardness of the wearing surfaces are
possiblly as important as the chemical reactlons. The relations betwoen
crystellite size and. hardnsss for steel, chrome, snd sast iron vary as
shown in figures 4 and 9 and are somewhat complex. The average hard-
negs of the SAE 4140 steel for the scuffed and scuff-rocovered surfaces
wad greater than the average hardness of the unscuffed surlfacos, and by
simllar comparison the crystallite size was swaller. In conjunction
with these. facts, the formatlon of the 1lron oxides and carbide on the
* scuffed surfaces ls noted. If the change in hardness is to be atitributed
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to one of the othef changes, ;t seems to fcllow chomical reaction best.
The qocurrence of FozO4 in its greatest quantity coincided with the
greatest hardness on the scuff-recovered surface, and a drop in
hardness on the souffed surface coincided with an Indicated reduction
in the smount of Fez04. This concept of a goneral relation of herdness
to themical reaction may or may nobt be weskened, however. by the
occurrence of FezC with the 1ower hardness of the permanontlv scuffed
surface.

. The hardness of the chrome surfsce increascd markedly far the
burnished surface condition and correspondsd with the formation of
. Orz03 and Cr3Cg. The cast iron softened throughout the runs and the

crvatailite glize ihcrescsed The end result at scutrf was approximatel
TySUSLLLGE SlZe 1ncreasgd,  Lag end resuly Pproximateoly

the same for normal and for prolonged run-in. The prolonged-run-in
surface, having the higher leoad at fallure, showed sllightly less
softening than. the normel-run~-in surfece. The more pronounced, ...
crystallite-size increass for the worn-unascuffed surfmce under prolonged
. run~in seems incompatible with incressed resistance bto failure.
Chemicel changes may account for the reversed trend for this material
wlth respect to the over-all trend .assoclated with the other materials,
although such changes were undstectable in this case, Relatively,

an opposlte trend is indicated. for any onc of theso materials when the
change in hardrness ig commared with change in crySUal1ite slze between
unacuffed and scuffed surface conditions,

SUMMARY OF RESULES

The following observatlons were made as & result of examinations
of metalllic surfaces that had undergons rubbing under conditions of
partly boundary and partly hydrodynamic lubrication; the changes found
on steel, chrome, and cast lron varied with the run-in and scuffed
surfeces. : . .

The priacipal choemical reachtions wore oxidation and carburizgtion
with the following reaction products._
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Specimen | surface 1M&teriallidonﬁi— ~ 'Questionsble 1
o condition  |fied on surface {1dontification
et e 2 e e 1 . _

SAE 4140 sleel Ururun, g~Fo - : Foz0y
reclprocating Worn wnsocuffed’ |&Te . {Fez04, Fo203
glider Souff recovered [0-Fa,.Feoz04 Fo=C, Foplz

Bouffed a-Fe, FoxC, Fezly Fo,0x

SAE 4140 steesl Worn unaouffed _ .
aircraft-engine} (Superficilal ¢ (graphite), _ Mixed oxides
cy¥linder barrol face) " Bellby layer )

(Less than . a-Fo, Fozly, F2o0z leow-ecwwommoeean—x
0.001 1n. '
below aurface
Fface) '

Chroms~plated Worn wnscufied o-Cr B L -
cagb~iron rider|Burnished - o-Cr, OreQz, CrzCsz (r=-----===- mm———

Scuffed . a-Cx, Cirz0z, CI‘3 O |==ermemmsmmmenaon -

Cast~iron - °* Unxrun a-Fe FezC
rociyrocating ' {Worn . ~lo-Fe ¢ (graphite) .
slider Scuffcd ‘ a-Fe . ¢ (graphite)

1Lines best fit pattern of material listed. g S -~ -

Hardness of mabterlals examjned varied with degroe of surface condition.
The crystallite sizes were in the order of 10~ centemsters. The sizes
changed with condition of operation. ’

Flight Propulsion Redearch Laboratory,
National Advisory Committiwes for Asronautics,
Cleveland, Ohlo, April 22, 1847.
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